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fat have contributed to the increased global prevalence of MetS. Approximately 20% to 25% of adults worldwide are presumed to have MetS (2) , and this trend is remarkable in East Asia with its rapid economic growth. In the Korean National Health and Nutrition Examination Survey, the age-adjusted prevalence of MetS was 24 .9% in 1998 and 31.3% in 2007, with an estimated 0.6% annual increase over 10 years (3) . A meta-analysis of published studies in China indicated that the prevalence of MetS was growing particularly among women, urbanites, and older adults, with a nationwide prevalence of 24.5% (4) .
MetS is a strong risk factor for cardiometabolic diseases such as type 2 diabetes mellitus (T2DM) and cardiovascular disease (CVD), imposing substantial health care costs. Given that Asians are more predisposed to cardiometabolic disease than Caucasians at the same degree of obesity (5) (6) (7) , the growing prevalence of MetS may impose a more serious burden on public health in Asia. Thus, it is worth identifying the risk factors of MetS in terms of preventing the adverse health outcomes related to MetS.
Insulin resistance (IR) plays a pivotal role in the pathophysiology of MetS as an underlying mechanism (8) . Impaired fasting glucose (IFG) is both a clinical sign of IR and a component of MetS, and abdominal obesity is related to visceral adiposity, aggravating IR. Additionally, several studies have reported that IR is closely linked to elevated BP and dyslipidemia. Thus, it is postulated that categories of abnormal glucose homeostasis reflecting IR are effective in assessing the risk of incident MetS.
Both fasting glucose measurements and oral glucose tolerance tests (OGTTs) are commonly used to identify abnormal glucose homeostasis. Previous studies have demonstrated that postchallenge hyperglycemia, measured as a continuous variable, is a better predictor of coronary heart disease than fasting hyperglycemia (9, 10) . Additionally, impaired glucose tolerance (IGT) based on OGTT was associated with more factors included in MetS (11) and an increased risk for CVD (9, 12) . In particular, the Baltimore Longitudinal Study indicated that the people with IGT had a higher prevalence of MetS compared with people with IFG (13) , despite the fact that IFG is a component of MetS. These results suggest that OGTT is useful for identifying people with the increased risk of MetS. Although 2-hour postload glucose (PG) is a basic indicator in interpreting OGTT (14) , 1-hour PG as measured by OGTT has been increasingly recognized as important in predicting cardiometabolic risk. In recent cohort studies, 1-hour PG was a better predictor of the development of T2DM than 2-hour PG (15) (16) (17) , representing the higher correlation with decreased insulin secretion and action as indicated by insulinogenic index and disposition index (15, 16) . In particular, accumulated evidence has highlighted the clinical significance of a cutoff of 1-hour PG of 155 mg/ dL, which was effective in distinguishing patients with elevated cardiovascular risk from those with normal glucose tolerance (NGT) (18) . These results led to a hypothesis that elevated 1-hour PG is connected to the increased risk of incident MetS, associated with the components of MetS. However, the relationship between 1-hour PG and incident MetS has been less well described.
Using data from the Korean Genome and Epidemiology Study (KoGES), we evaluated the risk of incident MetS according to the levels of 1-hour PG and 2-hour PG based on OGTT. To compare the predictive ability of 1-hour PG and 2-hour PG for MetS, we conducted subgroup analyses defined by each category of 1-hour PG and 2-hour PG.
Research Design and Methods

Study population
All subjects were participants in the KoGES Ansan and Ansung Study, which is a population-based epidemiological study of rural and urban communities in South Korea. Detailed methods and the study population of the current study are described in the previous study (19) . The baseline survey of the KoGES Ansan and Ansung study was completed in 2001 to 2002, and follow-up surveys were conducted every 2 years. Initially, a total of 10,038 participants aged 40 to 69 participated in the study. A total of 5018 participants were recruited by cluster-sampling method, stratified by age, sex, and residential district in the Ansung community, and 5020 subjects were selected by random sampling method in Ansan. Of these 10,038 participants, we eliminated 829 subjects who had missing data for history of diabetes, HbA1c, fasting 1-hour PG, and 2-hour PG. Among 9209 participants, 3211 participants with baseline MetS (n = 2840), diabetes mellitus (DM), or IFG (n = 371) were excluded. Thus, the number of subjects who initially enrolled in follow-up was 5998.
Over 10 years of follow-up, 609 additional subjects were excluded because of attrition or incomplete follow-up data. Finally, the total number of study participants was 5389 (Fig. 1) . All subjects participated in the study voluntarily, and informed consent was obtained in all cases. Ethics approvals for the study protocol and analysis of the data were obtained from the institutional review board of Kangbuk Samsung Hospital.
Clinical and biochemical measurements
Study data included a medical history and sociodemographic information provided by a self-administered questionnaire, anthropometric measurements, and laboratory biochemical measurements. All study participants were also asked to respond to a health-related behavior questionnaire, which included the topics of alcohol consumption, smoking, and exercise. Physical activity was divided two categories: regular exercise ($90 minutes exercise per week, at least moderate intensity) or inactive. The questions about alcohol intake included the frequency of alcohol consumption on a weekly basis and the typical amount that was consumed on a daily basis (in grams per day). Smoking status was divided into three categories: never, former, and current smoker. DM was defined as fasting serum glucose $126 mg/dL, serum HbA1c $6.5%, 2-hour PG $200 mg/dL, or history of diagnosed DM (14) . Hypertension was determined in the participants with a diagnosis of hypertension or with a measured systolic blood pressure (SBP) $140 or diastolic blood pressure (DBP) $90 mm Hg at initial examination. BP was measured in both arms in the sitting position after participants had been in a relaxed state for $10 minutes. There was a 5-minute rest period between measurements. The arithmetic mean value of the BP was used to define the SBP and DBP. All participants' waist circumference, height, and weight were also measured, and body mass index (BMI) was calculated.
After participants fasted overnight for 12 hours, the plasma concentrations of glucose, total cholesterol, triglyceride, and HDL-C were measured enzymatically with a Hitachi Automatic Analyzer 7600 (Hitachi, Tokyo, Japan). In the baseline and follow-up examinations, all study participants underwent OGTT, which was interpreted by 1-hour PG and 2-hour PG. Conventional cutoffs of 1-hour PG (155 mg/dL) and 2-hour PG (140 mg/dL) were used in identifying abnormal glycemic states (1, 20) , and a PG level lower than cutoff was regarded as normoglycemia.
Fasting plasma insulin concentrations were determined by a radioimmunoassay kit (Linco Research, St. Charles, MO). The HbA1c level was measured by high-performance liquid chromatography (VARIANT II; Bio-Rad Laboratories, Hercules, CA).
MetS was diagnosed according to the definition of the joint interim statement of the International Diabetes Federation Task Force on Epidemiology and Prevention (1). Elevated BP was defined as SBP $130 mm Hg or DBP $85 mm Hg; elevated fasting serum glucose level was defined as $100 mg/dL; high serum triglyceride levels were defined as $150 mg/dL; low HDL-C levels were defined as ,40 mg/dL in men and ,50 mg in women. The presence of abdominal obesity was defined according to the criteria of the Korean Society of the Study of Obesity (waist circumference $90 cm for men and $85 cm for women) (21) . The presence of MetS was defined as the presence of three or more of the aforementioned components.
Statistical analysis
Study participants were categorized into one of two groups by the cutoffs for 1-hour PG and 2-hour PG. Data are presented as means 6 SD within study groups for continuous variables and as proportions for categorical variables. Main clinical characteristics and biochemical parameters between the two groups were compared by independent t test for continuous variables and x 2 test for categorical variables. The crude and multivariate-adjusted hazard ratios (HRs) and their 95% CI for MetS were estimated with the use of the Cox proportional hazards model [adjusted HRs (95% CI)]. Covariates of the adjusted model were age, sex, area, regular exercise, BMI, hypertension, smoking, alcohol intake, and HDL-C. The incidence cases of MetS and incidence density (incidence cases per 1000 person-years) were calculated for each study group.
To analyze the risk of MetS according to PG levels, participants with abnormal glycemic states were subdivided into three groups by level of 1 hour-PG (155 to 174 mg/dL, 175 to 194 mg/dL, and $195 mg/dL) and 2-hour PG (140 to 159 mg/ dL, 160 to 179 mg/dL, and 180 to 199 mg/dL), and participants with normal glycemic states were subdivided into four groups by level of 1 hour-PG (,95 mg/dL, 95 to 114 mg/dL, 115 to 134 mg/dL, and 135 to 154 mg/dL) and 2-hour PG (,80 mg/ dL, 80 to 99 mg/dL, 100 to 119 mg/dL, and 120 to 139 mg/dL).
The number of baseline metabolic components (0 to 1 and 2) was used to set two upper categories in analysis. In each category (number of baseline metabolic components: 0 to 1 and 2), adjusted HRs for MetS and 95% CI were estimated according to levels of elevated 1-hour PG and 2-hour PG.
In the subgroup analysis comparing the predictive ability of 1-hour PG and 2-hour PG, four subgroups were defined by high or normal 1-hour PG and 2-hour PG, determined by conventional cutoffs (155 mg/dL for 1-hour PG and 140 mg/dL for 2-hour PG) as follows: normal 1-hour PG (,155 mg/dL) and normal 2-hour PG (,140 mg/dL) (N1N2), high 1-hour PG ($155 mg/dL) and normal 2-hour PG (,140 mg/dL) (H1N2), normal 1-hour PG (,155 mg/dL) and high 2-hour PG ($140 mg/dL) (N1H2), and high 1-hour PG ($155 mg/dL) and high 2-hour PG ($140 mg/dL) (H1H2). The trend analysis was calculated based on the median value of each group. To verify the reliability of the analyzed data, we separated our study participants into a discovery sample and a validation sample. Through random sampling, 70% of study participants were classified as discovery samples and the remaining 30% were classified as validation samples. The area under the receiver operating characteristic curve (AUC ROC ) of 1-hour PG and 2-hour PG for MetS were assessed in both the discovery sample and the validation sample. DeLong's test was used in comparing the AUC ROC between 1-hour PG and 2-hour PG.
In the discovery sample, we calculated the potential cutoffs of 1-hour PG and 2-hour PG for MetS and their specificity and sensitivity by bootstrapping (1000 stratified bootstrap replicates in each analysis). Cutoff points were determined to maximize the Youden index on the receiver operating characteristic (ROC) curve using the "pROC" package. The calculated cutoff in discovery sample was applied to the validation sample, in which the specificity and sensitivity of the applied cutoff was evaluated.
Using the cutoffs of 1-hour PG and 2-hour PG calculated for the discovery group, we conducted an analysis for four subgroups with N1N2, H1N2, N1H2, and H1H2 for all study participants.
All statistical analyses were performed with R version 3.4.3 (R Foundation for Statistical Computing, Vienna, Austria), and P , 0.05 was considered statistically significant in all analyses.
Results
A total of 5389 participants were enrolled in the study (2633 men and 2756 women). The overall incidence of MetS was 28.6% (n = 1540), and the mean age of study participants was 50.6 6 8.6 years. The final follow-up examination was done in 2011 or 2012. The baseline clinical and biochemical characteristics of study participants are presented in Table 1 . The groups with abnormal glucose tolerance (1-hour PG $155 mg/dL and 2-hour PG $140 mg/dL) tended to have worse cardiometabolic profiles, including incidence of MetS, age, 1-hour PG, 2-hour PG, HbA1c, fasting glucose, total cholesterol, and triglyceride than the NGT groups. Table 2 represents the unadjusted and adjusted HRs and 95% CIs for MetS for each 1-hour PG and 2-hour PG group. When normoglycemic (NG) states (1-hour PG ,155 mg/dL and 2-hour PG ,140 mg/dL) were set as references, the adjusted HRs for MetS significantly increased proportionally to the levels of 1-hour PG and 2-hour PG. In the analysis for 2-hour PG, the highest level of 2-hour PG had an adjusted HR more than two times higher than that of the lowest level of 2- Even for participants in an NG state, both 1-hour PG and 2-hour PG above specific levels were significantly associated with increased risk for MetS (Table 3) . Adjusted HRs for MetS increased proportionally to level of The subgroup analysis according to the number of baseline metabolic components is presented in Table 4 . In the groups with baseline metabolic components of 0 to 1, adjusted HRs for MetS proportionally increased from 1-hour PG .155 mg/dL and 2-hour PG .160 mg/ dL. Subgroups with baseline metabolic components of 2 showed that adjusted HRs for MetS proportionally increased above the cutoffs for 1-hour PG and 2-hour PG.
In an analysis for four subgroups determined by high or normal 1-hour PG and 2-hour PG, compared with the N1N2 group, the H1H2 group had the highest adjusted HRs for MetS (1.93; 95% CI, 1.67 to 2.22) ( Table 5 ). The H1N2 group had higher adjusted HRs for MetS (1.53; 95% CI, 1.35 to 1.74) than the N1H2 group (1.32; 95% CI, 1.02 to 1.70). Table 5 also presents the analysis for four subgroups determined by cutoffs calculated in the discovery sample (142.5 mg/dL 1-hour PG and 107.5 mg/dL 2-hour PG). Similarly to the results from the subgroup analysis with conventional cutoffs, the H1N2 group had higher adjusted HRs for MetS (1.47; 95% CI, 1.24 to 1.73) than the N1H2 group (1.13; 95% CI, 0.97 to 1.31). Table 6 shows the AUC ROC and 95% CI for 1-hour PG and 2-hour PG for Met S analyzed in the discovery and validation samples. In the discovery sample, AUC ROC for 1-hour PG (0.576; 95% CI, 0.545 to 0.608) was significantly higher than that of the 2-hour PG (0.525; 95% CI, 0.493 to 0.557) (P , 0.001). Analyzed optimal cutoffs were 142.5 mg/dL for 1-hour PG and 107.5 mg/dL for 2-hour PG, with specificity/sensitivity of 62.7%/51.9% and 51.6%/56.3%, respectively. These findings were similarly observed in the validation sample. AUC ROC for the validation sample was 0.576 (95% CI, 
Discussion
MetS is an aggregation of cardiometabolic risks including abdominal obesity, IR, dyslipidemia, and hypertension, which profoundly contributes to the development of T2DM, CVD, and related mortality. Thus, early recognition and proper management of the risk factors for MetS are important for preventing MetS and maintaining health.
In the MetS-free general Korean population without T2DM and IFG, we assessed the predictive ability of 1-hour PG and 2-hour PG based on OGTT for the development of MetS. Our results presented the several interesting findings regarding the association between PG on OGTT and MetS.
The first major finding is that the risk of MetS was significantly higher in participants with abnormal glycemia, defined by 1-hour PG or 2-hour PG based on OGTT. A 1-hour PG $155 mg/dL was significantly associated with increased risk of MetS, which was also observed for 2-hour PG $140 mg/dL. Previous studies have also suggested a close link between MetS and PG levels on OGTT. Despite the scarce results directly a DeLong tests were used to compare AUCs of two correlated ROC curves. Figure 2 . AUC ROC for 1-h PG (cutoff, 142.5 mg/dL; specificity/sensitivity, 62.7%/51.9%) and 2-h PG (cutoff, 107.5 mg/dL; specificity/sensitivity, 51.6%/56.3%) in the discovery sample.
indicating the influence of IGT on MetS, cross-sectional studies for multiethnic participants demonstrated a significant association between IGT and MetS. In 928 Chinese adults, MetS was associated with about a threefold increase in the risk of IGT, effectively distinguishing subjects with IGT from those with NGT, and the clustering of any one, two, or three or more metabolic components resulted in proportionally increased ORs (1.71, 2.38, and 5.92) for IGT (22) . These findings were similarly observed in a study of white Americans, Mexican Americans, and African Americans that MetS was linked to IGT, with ORs of 3 to 4 (23). In particular, it is of note that 1-hour PG was related to the long-term risk of MetS in our study. In current guideline, patients with a 1-hour PG of 155 to 199 mg/dL and 2-hour PG ,140 mg/dL were classified into NGT (NGT 1-hour high) despite the elevated 1-hour PG above cutoff (14) . The diagnostic value of 1-hour PG has been increasingly recognized in such patients with NGT 1-hour high. Several studies have reported that NGT 1-hour high was characterized by metabolic abnormality similar to that in IGT (24, 25) . In a study of Chinese patients with coronary heart disease, group with 1-hour PG $155 mg/dL had the higher BMI, SBP, and triglycerides and lower HDL-C (24). Additionally, a study of 94 overweight or obese patients showed that 1-hour PG correlates well with fasting glucose and 2-hour PG, representing similar or greater associations with obesity, hypertension, hypercholesterolemia, and MetS (25) . However, there was only limited information about the longitudinally investigated relationship between elevated 1-hour PG and incident MetS. In a 10-year retrospective cohort study of 116 Chinese patients, the prevalence of MetS was 34.6% in subjects with elevated baseline 1-hour PG $160 mg/dL and 18.9% in subjects with baseline 1-hour PG ,160 mg/dL (26) . However, their sample size was too small to show the statistical significance of the difference in prevalence of MetS and values of metabolic components. In contrast, our results clearly indicate that elevated 1-hour PG $155 mg/dL increases the risk of MetS. Given that MetS is implicated in the development of cardiometabolic disease, patients with elevated 1-hour PG may need close monitoring and proper management for MetS, regardless of 2-hour PG.
On OGTT, there is the wide range of PGs defining the specific categories of glycemic states such as NGT and IGT. The nondiabetic range of 1-hour PG above cutoff is 155 to 199 mg/dL, and IGT is defined as a 2-hour PG of 140 to 199 mg/dL. Thus, it is inferred that patients even in same glycemic state can differ in cardiometabolic risk according to their PG levels. When we assessed the risk for MetS according to the stratified 1-hour PG and 2-hour PG levels above each conventional cutoff, we found a stepwise increase in the risk for MetS proportionate to each PG level. Moreover, even within the NG groups, the risk for MetS proportionally increased from the specific 1-hour PG and 2-hour PG levels. These findings verify our hypothesis that patients with higher PG have a higher risk for MetS within a same glycemic state category. Thus, it is postulated that the selective approach is necessary to stratify the risk of MetS even within patients with same glycemic state. A 1-hour PG and 2-hour PG based on OGTT may be effective in distinguishing patients with a higher risk for MetS, which would be helpful in reducing the risk of adverse cardiovascular outcomes related to MetS.
It is known that patients with more baseline metabolic components are more likely to develop MetS than patients with fewer baseline metabolic components. Also in our study, the abnormal glycemic groups had worse metabolic profiles than the NGT groups, which suggests that abnormal glycemic groups had more baseline metabolic components. Thus, through subgroup analysis for the number of baseline metabolic components, we evaluated the risk of MetS according to 1-hour PG and 2-hour PG in patients with the same number of baseline metabolic components. Elevated PG levels markedly increased the risk of MetS even in patients with same number of baseline metabolic components, presenting the proportional relationship with MetS. This finding indicates that elevated PG level contributes to the increased risk for MetS, independently of the underlying metabolic state. Additionally, the development of MetS in patients with 0 or 1 metabolic components means that the aggravation of metabolic profiles occurred in two or more metabolic components during follow-up. Thus, it is suggested that the increase in PG level has an adverse impact not only on the development of MetS but also on deterioration of the metabolic milieu. Considering the effect of worse metabolic profiles on the pathogenesis of CVD, our results may provide a mechanism for studies observing the increased cardiovascular risk in IGT and elevated 1-hour PG (13, 24).
Another major finding of the study is in comparing the predictability of MetS between 1-hour PG and 2-hour PG. In our analysis, the H1N2 group had a higher risk of MetS than the N1H2 group. This result suggests that 1-hour PG is superior to 2-hour PG in predicting MetS, accompanying the higher potential cardiometabolic risk. Our analysis for AUC ROC also presents the higher correlation of MetS with 1-hour PG than 2-hour PG. A DeLong test for the discovery sample showed a significantly higher AUC ROC for 1-hour PG (0.576; 95% CI, 0.545 to 0.608) than for 2-hour PG (0.525; 95% CI, 0.493 to 0.557), which was identically observed in validation sample. Additionally, in an analysis for four subgroups defined by the optimal cutoff (142.5 mg/dL for 1-hour PG and 107.5 mg/dL for 2-hour PG) for our study participants, the H1N2 subgroup had a higher risk for MetS than N1H2 subgroup, identical to the subgroup analysis categorized by conventional cutoffs (155 mg/dL for 1-hour PG and 140 mg/dL for 2-hour PG). These results consistently indicate that 1-hour PG is superior to 2-hour PG in predicting incident MetS. Despite the scarcity of longitudinal study directly comparing the predictability of 1-hour PG and 2-hour PG for MetS, previous studies have also demonstrated higher predictability for 1-hour PG than for 2-hour PG in identifying metabolic risk factors. In longitudinal observations in the Botnia Study (16) and the San Antonio Heart Study (20), 1-hour PG correlated better with indices of insulin secretion and IR compared with 2-hour PG, and the predictive power of 1-hour PG evaluated by the AUC ROC was greater than that of 2-hour PG. Additionally, crosssectional studies for 94 overweight or obese Hispanics showed that fasting glucose, fasting insulin, and homeostatic model assessment of insulin resistance correlated better with 1-hour PG (r = 0.60, 0.47, and 0.52) than with 2-hour PG (r = 0.50, 0.41, and 0.45) (25) . These results suggest that 1-hour PG was more closely associated with metabolic derangements than 2-hour PG. However, substantial evidence indicates that 1-hour PG exhibits the intermediate cardiometabolic risk profile between NGT with normal 1-hour PG and IGT, suggesting similar predictability (18, (27) (28) (29) (30) . Thus, our results do not ensure that 1-hour PG is a stronger predictor of cardiometabolic disease than 2-hour PG. Additional largerscale studies should be conducted to determine which of 1-hour PG and 2-hour PG has greater impact on the development of cardiometabolic diseases, including MetS.
The merit of the study is the data obtained from a cohort of the general Korean population, including identifiable medical information and OGTT results at baseline and follow-up. Using the data, we could evaluate the relationship of 1-hour PG and 2-hour PG with incident MetS and compare their predictability for incident MetS. Our results expand the clinical implications of 1-hour PG as a predictor for T2DM to identifying patients with higher risk for MetS. Nonetheless, it is not likely that our results are generalizable to other age and ethnic groups. All study participants were middle-aged Koreans without baseline MetS, IFG, and DM. These clinical features may create the difference between conventional cutoffs and our optimal cutoffs in our study participants. Additionally, the modest AUC ROC of PG in our analysis (,0.6) may be explained by these features of our study participants. Thus, it is inferred that the cutoffs of PG and their predictability for MetS can vary according to clinical characteristics, including ethnicity, age, sex, and metabolic conditions.
In conclusion, our study showed a significant association of PG based on OGTT with incident MetS. Elevations of both 1-hour PG and 2-hour PG were significantly associated with the increased risk of MetS, which was similarly observed in NG patients. In particular, our findings suggest that 1-hour PG is superior to 2-hour PG in predicting MetS. Future longitudinal studies should investigate whether the increased risk of MetS indicated by elevated 1-hour PG actually links to cardiovascular morbidity and mortality.
